The Armstrong CA 1371 (ARM) and WE strains of lymphocytic choriomeningitis virus (LCMV) differ in the ability to produce disease in adult guinea pigs. Infection with the ARM strain is not lethal, even at high virus doses (>10,000 PFU), whereas the WE strain causes 100% mortality even at low doses (<10 PFU). To determine the genetic basis of this virulence, intertypic reassortants were made between the ARM and WE strains of LCMV. The two reassortants with the genotypes WE/ARM (L segment of WE and S segment of ARM) and ARM/WE (L segment of ARM and S segment of WE) were tested for their pathogenicity in guinea pigs. The ARM/WE reassortant was avirulent like the ARM/ARM parental strain. Minimal viral replication was observed in organs of guinea pigs inoculated with 102 or 105 PFU of ARM/ARM or ARM/WE, and all animals survived. In contrast, the WE/ARM reassortant was highly virulent like the WE/WE parental strain and killed all of the infected animals. High levels of viral replication were observed in guinea pigs infected with the latter two strains. In contrast to these in vivo observations, both the parental strains and the ARM/WE or WE/ARM reassortants had similar growth potential in cultured guinea pig fibroblasts. Thus, the L RNA segment of LCMV WE is important for viral replication in vivo and is associated with fatal acute disease after infection of adult guinea pigs.
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Lymphocytic choriomeningitis virus (LCMV) is the prototypic arenavirus. The genome consists of two singlestranded RNA species (15) , L and S, with approximate molecular weights of 2.85 x 106 and 1.35 x 106, respectively (5). The following four major viral structural proteins have been identified: a 63,000-molecular-weight (63K) internal nucleo-protein, NP, associated with the genomic RNA; two surface glycoproteins, GP1 (44K) and GP2 (35K) (3) and a large protein, L (180K) (7; M. J. Buchmeier et al., Abstr. Negative Strand Virus Meeting 1985). Several individual LCMV strains have been distinguished and segregated on the basis of hybridization with cDNA probes, Ti oligonucleotide mapping, tryptic peptide mapping, and monoclonal antibody analysis (2, 3, 5, 19) . In addition, variations in the pathogenicity of the LCMV strains have been observed. For example, C3H newborn mice inoculated with the Armstrong CA1371 strain of LCMV (LCMV ARM) develop growth retardation and low blood sugar due to viral curtailment of growth hormone synthesis, but infection with the WE strain has no effect on growth, development, or blood sugar levels (17) . Adult guinea pigs resist infection by the ARM strain but succumb to infection by the WE strain (5, 10).
To define the precise role of the L and the S RNA segments and their respective gene products in disease, we selected reassortants formed by double infection of BHK21 cells with the ARM and WE strains. When these reassortants were tested for their pathogenicity in guinea pigs, the ARM/WE reassortant was avirulent like the ARM parental strain, and the guinea pigs survived the infection. In contrast, the WE/ARM reassortant was virulent like the WE parental strain and caused a lethal infection with 100% * Corresponding author. t Publication 3841-IMM from the Department of Immunology, Scripps Clinic and Research Foundation, La Jolla, Ca. mortality. Thus, the gene products encoded by the L RNA segment of WE are required for the virulence of LCMV in adult guinea pigs. The novelty of our findings incriminating the L RNA segment in disease of guinea pigs is underscored by recent observations that the other RNA segment, the S RNA, and the products it encodes are responsible for the virus-induced growth hormone deficiency (17) .
MATERIALS AND METHODS Animals. Male adult Hartley guinea pigs weighing 300 to 400 g were obtained from Sprague-Dawley, Indianapolis, Ind.
They were inoculated with either 102 or 105 PFU of virus by intraperitoneal (IP) injection (0.5 ml).
Virus. The origins of the two LCMV parental strains used in this study, ARM and WE, have been described (5). Reassortants between LCMV/ARM and LCMV/WE were generated and characterized as reported (16 (Fig. 2) . In contrast, infectious virus was recovered from sera of guinea pigs receiving the WE/WE or the WE/ARM LCMV. Guinea pigs receiving WE/ARM LCMV had a 3-day delay in viremia and a 3-to 8-day delay in death, when compared with guinea pigs inoculated with WE/WE LCMV. Nevertheless, guinea pigs inoculated with either WE/WE or WE/ARM LCMV possessed infectious titers close to 105 PFU/ml of serum by 8 and 11 days after infection, the time when the animals started to die. WE/ARM Next, we determined whether the absence of infectious virus in the sera of guinea pigs infected with the ARM/ARM and ARM/WE LCMV was associated with interferon induction. The level of serum interferon was below the limit of detection (37.5 U/ml) from days 1 to 4 10 in the kidneys and adrenals and at days 10 and 11 in the lungs. In all organs, the titers were 10-to 1,000-fold lower in guinea pigs infected with ARM/ARM or ARM/WE than in those infected with LCMV containing the L RNA segment of WE (WE/WE, WE/ARM). In guinea pigs infected with the parental ARM strain, virus was detected only in the spleen 4 and 8 days after infection; titers were about 10-fold lower in comparison to the ARM/WE-infected guinea pigs and about 1,000-fold lower in comparison to the WE/ARM-or WE/WE-infected guinea pigs. Thus, there was a correlation between the viral replication in organs and the L RNA segment of WE in vivo. When tested for growth potential, LCMV ARM/ARM, ARM/WE, WE/ARM, and WE/WE replicated equally well in guinea pig fibroblast cells (line JH4, CCL 158, ATCC) (Fig. 3) .
Expression of viral antigens and histopathology correlates with the L segment of WE LCMV. Guinea pigs infected with 105 PFU of each LCMV genotype were sacrificed 4, 8, and 10 or 11 days after infection, and tissues were obtained for histological and immunofluorescent analysis. Histopathological changes were marked in the spleen, liver, and adrenal tissues of guinea pigs infected with LCMV carrying the L RNA segment of WE. The liver showed fatty change with no or minimal necrosis (not shown); the adrenal tissue had focal cortical necrosis, and the spleen developed red-pulp and white-pulp necrosis and marked cell loss (Fig. 4) . These changes were maximal 8 days after infection. Guinea pigs infected with LCMV ARM/WE showed a similar splenic lesion at day 4, but it was less intense than that observed with WE/ARM or WE/WE infection. Lesions were not observed in ARM/ARM-infected guinea pigs. Despite high virus titers in the brain (approximately 105 PFU/g) and kidneys ( Fig. 2) 10 days after infecting guinea pigs with LCMV WE/ARM and WE/WE, neither tissue injury nor cellular necrosis followed.
When these tissues were studied by direct immunofluorescence with fluorescein-isothiocyanate-labeled guinea pig antibody to LCMV, high concentrations of LCMV antigen were detected in livers and spleens of guinea pigs infected 8 follicles of the spleen. In adrenal tissue, foci of infected cells were detected in the cortex (Fig. 4) . Viral antigens were localized in the peritubular region in the kidneys and in the endothelium of blood vessels in the brain. In contrast to the abundant display of LCMV antigens in guinea pigs infected with WE/ARM or WE/WE, animals infected with ARM/WE or ARM/ARM genotypes had only a few cells containing LCMV antigens in the livers and spleens. Comparatively (Fig. 5) . 
MAPPING OF LCMV

DISCUSSION
Here we record the first evidence that the L RNA segment of LCMV and the proteins which it encodes are associated with disease. To develop this evidence, we made intertypic reassortants, one that contained the L RNA from the virulent WE parental strain and the other containing the S RNA of that viral strain. Disease was defined as the lethal infection of guinea pigs with as little as 102 PFU, evidence of significant viral replication and antigen expression in several tissues of an infected animal. By contrast, the characteristics of the nonpathogenic parental strain and reassortant were the inability to cause death even after inoculations of 105 PFU, minimal viral replication, and little or no viral antigen expression in tissues from inoculated animals.
The genome of LCMV consists of two single-stranded RNA species designated L and S according to their size (15 Although the activity of the protein is not yet known, based on structural similarities with other known polymerases, it has tentatively been identified as the putative LCMV polymerase. This is in agreement with other studies (7, 11) with Pichinde virus which indicate that the L RNA segment encodes the viral polymerase. In our studies, by identifying the L RNA as responsible for the acute disease of LCMVinfected guinea pigs, we have ruled out any major participation in this disease of either of the major LCMV glycoproteins. This is in contrast to reassortants used to map reovirus (6), bunyavirus (1), and influenza virus diseases (18) ; in those experiments, the viral surface glycoproteins or outer-capsid proteins were implicated in causing disease. Interestingly, the S RNA of LCMV which encodes its two major structural glycoproteins has been correlated with a different LCMV disease. The growth hormone deficiency disorder leading to death from hypoglycemia has been clearly mapped to the S RNA segment with the same intertypic reassortants as those used in this study (17 lus, the fact that the S RNA is not associated with the both closely homologous by oligonucleotide mapping (5). acute disease of guinea pigs described here complements our observation that cyclophosphamide treatment has no effect on this disease. Other studies show that cyclophosphamide treatment prevents the immune response disease caused by intracerebral inoculation of LCMV into adult mice, the mechanism of injury most likely being the destruction of virus-infected cells caused by virus-specific H-2-restricted cytotoxic T lymphocytes (20) .
Acute lethal disease of adult guinea pigs is primarily associated with the L RNA segment of LCMV. Infection of adult guinea pigs with WE/WE or WE/ARM was lethal, since all guinea pigs inoculated IP with doses of 102 PFU died. Infectious virus was found in their sera and was present in all organs studied 4, 8, 10, and 11 days after infection. Immunofluorescence studies indicated the presence of viral polypeptides in heavy concentrations in all of the organs studied. Light microscopy showed frequent evidence of necrosis in the spleen and adrenal glands with spotty necrosis in the liver, where fatty changes were also observed. In contrast, infection of adult guinea pigs with ARM/ARM led to a subclinical infection with viral replication largely restricted to the spleen and with ARM/WE to a subclinical inlfection with viral replication in several organs.
In all instances, the amount of infectious virus found in several organs of ARM/ARM or ARM/WE-infected guinea pigs was 10-to 1,000-fold lower than those of WE/VE-or WE/ARM-infected animals. Thus, in addition to its lethal properties, the L RNA segment of WE is important for viral replication in vivo. If the L segment of LCMV codes for the viral polymerase, as suspected, the difference observed for the virulence in guinea pigs may be explained by a difference in the polymerase activities of the parental strains. However, this interpretation must be constrained until the entire L RNA segment has been cloned and sequenced and the
